While studies have shown that red wine improves endothelial function, the effect of pure alcohol, the common denominator of all alcoholic beverages, on endothelial function has not been de ned. The effect of oral intake of alcohol (one ounce -a dose corresponding to two drink equivalents) on ow-mediated dilatation of the brachial artery was studied in 12 healthy subjects using high-resolution ultrasonography according to a randomized, sham procedure-controlled, single-blind protocol. Alcohol produced a signi cant vasodilatation of the brachial artery at resting conditions. Furthermore, it led to a signi cant increase of the brachial artery diameter at reactive hyperemia; however, the percentage ow-mediated dilatation did not change. This study shows, for the rst time, that acute moderate intake of alcohol has a potent dilating effect on large arteries both at resting and at reactive hyperemic conditions, without affecting ow-mediated dilatation as a percentage. This may be useful for explaining the divergent effect of different alcoholic beverages on endothelial function and provides valuable insight into the mechanisms involved in the vascular effects of alcohol.
Introduction
Studies have demonstrated a J-shaped relation between alcohol consumption and total mortality 1 that could largely be explained by the bene cial effect of moderate alcohol consumption on coronary artery disease risk. 2 While studies have suggested that wine has a greater bene cial effect than other alcoholic beverages, 3 it is not clear yet whether the protective effect of moderate alcohol intake is an effect of alcohol in itself or it can be attributed to constituents of speci c beverages.
Arterial function is an important determinant of cardiovascular performance and a prognosticator of cardiovascular risk. [4] [5] [6] [7] Studies have shown that red wine and=or de-alcoholized red wine improve endothelial function, 8, 9 a nding that could partly explain the bene cial effect of this beverage. Surprisingly, it has not been clearly shown what is the effect of pure alcohol, the common denominator of all alcoholic beverages, on endothelial function in humans. We investigated the acute effect of moderate pure alcohol intake on ow-mediated dilatation (F MD) of the brachial artery in young healthy subjects.
Methods
Twelve healthy subjects (seven men, aged 32 1 years) were enrolled in the study. All had normal blood pressure, and did not have diabetes, hyperlipidemia, or a family history of premature vascular disease. F ive subjects were current smokers. They were clinically well and taking no regular cardiovascular medications. Subjects abstained from ethanol, caffeine, and nicotine for at least 12 h before each session.
The study was carried out using a randomized, sham procedure-controlled, single-blind (examiner), cross-over design. The two study sessions were a least one day apart (range [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . All studies were performed in the afternoon between 5 pm and 6 pm. The subjects had fasted for at least 6 h. M easurements were obtained in a quiet, airconditioned room. After baseline measurements, the subjects were requested to drink either pure alcohol (one ounce -a dose corresponding to two drink equivalents) diluted in 200 ml of grapefruit juice or the control beverage (grapefruit juice only) over 10 min, and all measurements were repeated at 30 min after alcohol=control beverage intake. Alcohol was measured in the breath of subjects at baseline and just before repeat measurements (Lion Alcolmeter, Model SD-400P; Lion Laboratories Ltd, UK ). The study protocol was approved by the Ethics Committee of our institution and all subjects gave written informed consent.
Endothelium-dependentFM D, endothelium-independent nitroglycerin-mediated vasodilatation (0.4 mg), and hyperemic ow of the conduit brachial artery were determined by use of high-resolution (7.5-10.5 M H z linear transducer) vascular ultrasonography (H ewlettPackard, Sonos 5500) and a forearm occlusive cuff as previously described.
10,11 N itroglycerin was administered last at each visit. Examinations were conducted by the same examiner throughout the study. Images were recorded on super-VH S videotape from which they were digitally acquired and measured of ine on the echographic instrument with digital calipers by the same observer who was blinded to the image sequence and the randomization assignment.
The repeatablility of the technique in our institution for determining F M D was determined according to the Bland-Altman method 12 by investigating 24 subjects at two separate sessions. The repeatability coef cient was calculated as de ned by the British Standards Institution, i.e. according to the formula: repeatability coeffiecientˆ2
where N is the sample size and di the difference between the two measurements in a pair. The repeatability coef cient value was 5.0% .
D ata are expressed as the mean SEM . Characteristics and parameters at baseline were compared between the alcohol and control beverage sessions using the Wilcoxon non-parametric criterion. We also tested for a treatment-period interaction by calculating the betweensubjects variation. Exact p-values < 0.05, based on two-sided tests, were considered statistically signi cant. Data analysis was performed with SPSS software, version 10.1 (Chicago, Illinois, U SA).
Results
There were no differences in any baseline characteristics between the two sessions ( Table 1) .
Alcohol content increased from 0 to 0.056 0.006% at the alcohol session.
Parameters at baseline and after alcohol or control beverage intake are shown in Table 1 . Comparisons between changes during the alcohol session and changes during the control beverage session are also shown in Table 1 . Response is de ned as: (values after alcohol ÿ baseline values) ÿ (values after control beverage ÿ baseline values) and represents the net effect of alcohol on measured parameters. Systolic and diastolic blood pressure, as well as heart rate, did not change with alcohol (Table  1) . Alcohol produced a signi cant vasodilatation of the brachial artery at resting conditions; furthermore, it led to a signi cant increase of the brachial artery diameter at reactive hyperemia. FM D did not change. Alcohol led to a signi cant increase of resting blood ow and peak ow at reactive hyperemia (Table 1) . N o statistically significant treatment-period interaction was observed ( pˆ0.570).
The brachial artery diameter after nitroglycerin was 4.63 0.22 mm for the alcohol and 4.43 0.20 mm for the control beverage session (pˆNS). N itroglycerininduced vasodilatation was 9.8 1.4% for the alcohol and 14.9 1.8% for the control beverage session ( p < 0.005).
Discussion
This is the rst study to demonstrate that the acute intake of pure alcohol in a moderate dose induces signi cant dilatation of large arteries both at rest and at reactive hyperemia, and does not alter F M D in humans. These results provide insight into the mechanisms involved in the vascular effects of alcohol and clarify the divergent effect of different alcoholic beverages on endothelial function.
Speci cally, the results of our study show that alcohol has a potent dilating effect at resting conditions. Whether the vasorelaxing effect of alcohol at resting conditions is an endothelial mediated one or not cannot be addressed by the present study. Experimental data regarding this issue are inconsistent. 13, 14 Moreover, in our study, the brachial artery diameter at reactive hyperemia was also increased with alcohol by the same degree as the resting diameter. The non-signi cant decrease in F M D can be explained by the inverse relation between F MD and resting vessel diameter. 10, 15 The nitrate-dependent vasodilatory capacity of the vessel is preserved in the presence of alcohol since the brachial artery diameter after nitroglycerin was the same at the two sessions. The smaller percentage values could be attributed to the larger resting diameter with alcohol. It should be noted, however, that the dose of alcohol administered in the present study could have affected central nervous system activity. Accordingly, the vasorelaxation of the brachial artery at resting conditions, and the response of ow-and nitrate-dependent dilatation after alcohol could be attributed, at least partly, to central nervous system effect on vascular tone.
M oderate alcohol consumption reduces cardiovascular risk. 2 It is not clear yet whether this is an effect of alcohol in itself or can be attributed to constituents of speci c beverages such as wine. Arterial function is an important determinant of cardiovascular performance and a prognosticator of cardiovascular risk. [4] [5] [6] [7] To date, it has not been clearly shown what is the effect of pure alcohol, the common denominator of all alcoholic beverages, on endothelial function in humans. Studies have shown that red wine and=or de-alcoholized red wine improve endothelial function, 8, 9 while another study did not show an effect with red wine. 16 D espite the signi cance of their results regarding this particular beverage, none of these investigations provided clear evidence of the effect of pure alcohol itself due to their design. Two 8, 16 did not test pure alcohol at all. The third 9 tested a pure alcohol surrogate (Japanese vodka) and the placebo used (500 ml of water) is questionable. The results of our study help explain the ndings of these studies and address issues raised by the authors. Speci cally, the increase in resting brachial diameter and blood ow with red wine 8 can be safely attributed to alcohol, whereas the non-increase in F MD 8 is the net effect of alcohol and the other red wine constituents. F urthermore, the vasodilation at rest, the preserved vasodilatory capacity with hyperemia and the relative decrease in F MD (due to the increase in resting diameter) with Japanese vodka 9 can be attributed solely to the effect of alcohol. Overall, our results reinforce the conclusions of the investigators 8, 9 that red wine constituent(s) other than alcohol itself are responsible for the improvement in endothelial function. In addition, our results are in agreement with experimental data in rabbit aortas where red wine and polymeric phenols but not pure alcohol had an effect mediated by nitric oxide. 17 The results of our study are in line with experimental data demonstrating increased antioxidant activity in blood following ingestion of red wine, but not with other beverages. 18, 19 Likewise, red wine, but not other types of wine, reduces endothelin-1. 20 In addition, in a study in humans, grape juice intake improved endothelial function. 21 This study refers to healthy young subjects and further research is needed to con rm our results in patients with coronary artery disease or multiple risk factors. F urthermore, since this study addresses the acute effects of alcohol intake, additional investigation is needed to assess the long-term effects.
A limitation of the study is that its calculated power for the changes in F MD is 51% . U ndoubtedly, a larger sample size would increase the power; however, even in such a case, the numerical reduction in FM D is not expected to reach statistical signi cance (since the present p-value is 0.433).
R esting blood ow decreased in the control beverage session. Reasons for this change are unclear, but it could be attributed, at least partly, to the variability in measuring blood ow and the relatively small sample size of our study.
In conclusion, our study shows, for the rst time, that an acute moderate intake of alcohol has a potent dilating effect on large arteries at rest and at reactive hyperemic conditions in humans, without affecting F MD. This may be useful for explaining the divergent effect of different alcoholic beverages on endothelial function and provides insights into the mechanisms involved in the vascular effects of alcohol.
